I describe an automated enzymatic procedure to quantitatecreatineinboth serumand urine. In this assay, which requiresno pretreatment of the sample, creatine kinase (CK; EC 2.7.3.2) and pyruvatekinase ( 
The presence of creatine in urine has been suggested as a biochemical marker for evaluating painful vasoocelusive sickle cell crises with muscular involvement (1) and as a sensitive indicator of active myositis in patients with dermatomyositis (2). In addition, creatine in urine and serum has been suggested as an early marker for the diagnosis of acute myocardial infarction (3). Several methods to quantitate creatine in serum and urine have been described (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . A widely used method is the Jaffe reaction before and after conversion of creatine to creatinine (4) . However, the amount of creatine in urine is quite small compared with the amount of creatinine, resulting in large method errors (EC 3.5.5.3), sarcosine oxidase (EC 1.5.3.1), and peroxidase (EC 1.11.1.7) are used in the color-indicator reaction, is subject to interference by reducing substances such as bilirubin (a common endogenous serum compound), dopamine, and ascorbic acid (14) . In recent years this serum creatine assay has been automated by using a commercially available creatinine kit (12) but omitting the starting reagent creatininase. The same kit is used in a similar way for creatine measurement in urine (3, 13). However, a detailed description of its analytical performance is still lacking. In their present form, the enzymatic creatine assays based on the use of CK, PK, and LD as described before (7-10) are not suitable for adaptation to the analyzers now available.
In addition, these assays require sample pretreatment.
Here, I report an automated enzymatic creatine assay in which CK, PK, and LD are used without sample pretreatment. The assay is applicable to both serum and urine specimens.
MaterIals and Methods Apparatus
In the experiments to establish optimal conditions for the creatine assay I used a Uvicon 810 spectrophotom- 
Comparative methods.
The colorimetric method to quantitate creatine in serum and urine (4) and the enzymatic method to quantitate creatine in serum (11) have been described in detail previously.
In the colonmetric method all absorbances were read at 500 nm at a temperature of 20#{176}C.
Present method.
The principle of the present enzymatic procedure has been described before (7, 10 First, the separate effects of the glycine concentration, the buffer pH, and the MgC12 concentration in the buffer on the creatine assay were investigated.
Second, the effects of the ATP and PEP substrate concentrations were examined, and third, the effects on the reaction rate of the PK and the LD enzyme activities in the reagent were investigated.
In all experiments the CK activity in the final reagent mixture was fixed at 720 kUIL. Specimens. Urine specimens from healthy laboratory workers and patients were collected in plastic bottles without preservatives and kept at 4#{176}C during the 24-h collection period.
The samples were then stored at -20 #{176}C until further use. Before assay, the samples were centrifuged (10 miii, 3000 x g). Serum samples were stored at -20 #{176}C until further use.
The study was approved by the committee for ethical standards of the Rijnland Hospital.
StatisticalAnalysis
Calibration curves. To investigate the linearity of the calibration curves, I subjected the data to linear regression analysis (23 analyte was added at different concentrations. 
To inves-

Results
Optimization of variables affecting the creatine assay.
The effects of the variables on the assay are shown in Figures 1-3 The reagent PK activity is stable at 4#{176}C for several days and decreases approximately 5% per day at ambient temperature.
The reagent CK activity with or without added NAC in the creatune reagent kept at +4#{176}C decreases approximately by 25% after 24 h; at ambient temperature, the CK activity with or without NAC decreases approximately 25% and 45% after 24 h, respectively. Measurement of the reagent CK activity in the CK reagent with or without NAC did not give different results. Freezing the reagent at -20 #{176}C has a negative effect on the activities of all three enzymes. do not interfere in the present urinary creatine assay.
Analytical Variables
Comparison of methods.
Comparisons between the present method and commonly used methods were performed as described in Materials and Methods. Data are shown in Table 4 .
Data for the normal reference interval for creatine in serum and in urine for men and women are shown in Table 5 .
DIscussion
The assay of creatine in serum and in urine by means of CK PK and LD has been described before (7-10). How- Results are expressed as percentage recovery obtaIned 5 mm after addition of reagent 2 comparedwith the maximum obtained result Symbols as in Fig. 1 ever, in these assays, a laborious pretreatment of the sample is necessary to prevent substrate exhaustion, interference of endogenous pyruvate (7, 9), or interference by some unknown factor (9) that blocks the enzyme system. Furthermore, the described assays are not suitable for implementation on an automatic analyzer such as the Hitachi 704, since the measuring time after addition of the starting reagent is much longer than 10 mm.
The optimal reagent compositions for the assay of creatine in serum and in urine differ in the their cosubstrate and enzyme concentrations ( Figures  1-3 ). This may be caused by differences in the concentrations of endogenous inhibitors (or cofactors such as Mg2) of CK, PK, and LD (10) in serum or urine.
The addition of Mg in the buffer is required for CK Each serum and urine sample was assayed 10 tImes.
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and PK catalytic activity. Simultaneous increases in Mg2 and ADP concentrations will inhibit the reaction in the direction of ADP and creatine phosphate (28), exp1iining the decrease in recovery at higher Mg2 concentrations ( Figure 1C) . For efficiency reasons one reagent system may be used if creatine in both serum and urine samples must be quantified.
The reaction reaches its endpoint within 5 mm after addition of the starting reagent, which allows adaptation of the assay to the Hitachi 704. In a series of preliminrn'y experiments the reaction rate appeared to plus creatine
